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Wf
_hgE_`f UWXW_ijhkml Wf@\0Wbn6a i
\"aQoeo kpj f
qeW j Wr T W j r T WtsuwvxYbyzy{[}|zcx~sYbpzy[YZo=aQzW_
,m=p
 W"o j W_hW swf"aQs{aQ_h_hW j fh~ k s=aVaoeo jhk aQr T f k o j`k W"o jhk oW j fh~W_ k*zxV o j`k  j aX_b *zxV ~_
a  cxserfh~ k s=a
aQsezc=aQzW=a_`Wq k s6am1seW j W rc jhj WserWWEc=af`~ k se_m  W j _hfo j W_hWsEff  kZ¡ ~seqx_ kk oW j aQfh~ k sa¢_`WX{aQsEfh~r_ £kpj"peV
f k pWf T W j 
~f T _ k X1WWEce~  aQW serWZaseq6r k sE¤=cxWserWZo j`k oW j f`~W_ k f T W_`WZ_hWXHasEfh~r_m  W*f T Ws¥o j W_`WsEfas¦aQfhf`WX1oeff k
o jhk ~qeW *zeV 
~f T as6W dwf`W j sa§ k z~rbaQ £j aX1W  kpjh¡   Wf T W j W ¨kzj WZqxW©=seW1ao j`kwkQ X1W f Tek q6=aQ_hWq k s6~s  a j ~aQswf`_b W £k rce_ k sªa1oa j f`~rcea j ra_`_ k ~s  a j ~asEfh_m«s=aXWg{rmas k se~rba~s  a j ~asEfh_m«=f T afa j W1a k z~rbaQWdEo j W_`_h~ k s kQ f T W
o jhk  j aQX¦¬ _¢_`WX{aQswf`~r_b  W§=s=aQg_ Tek ­f T aQff T ~_ £j aQX1W kzj`¡ ~_®W °¯ _hce~f`WqZf k o jhk W
oa j f`~aeo j`k oW j f`~W_b«EWEce~  aQW serW
o jhk oW j fh~W_"Wf §WWs *zxV o jhk  j aQX1_
aseqHo j`k oW j f`~W_"f T af
§Wrbases k f
WdEo j W_h_
~f T ~sf T W *zeV asxzc=aQzWz
±²E³´¶µ*·=z¸Qº¹§k serc j`j WsEfo jhk  j aX1X~see« j Wrc j`j Wser W{W wcafh~ k se_b«K_hoWr~  gE~se6aseq  W j ~  gE~se{aQseq j Wba_ k se~sea k cef
o jhk  j aQX1_b«p_hW X{asEf`~r _ kQ o jhk  j aQX1X1~°seasepc=apW_b«Eq=aQf¶a»¯Mo=a j aQWasepc=apW_b«Eo jhkEk X1Wf Tek q k  k pgw«Q~s  a j ~asEfh_m
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Unité de recherche INRIA Rhône-Alpes
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²e²k ce_o j ^W_`WsEf k sx_
ceseW"X%^Wf Txk qxW
qeW"o j Wc  W"o=a j a_`_hW j fh~ k se_§o k c j W_o j`k  j aXX1W_ peV  *zeV W_hf§ces
aQsewaQzW £k serf`~ k seseWq¢¬`^WEc=aQfh~ k sx_ j ^Wrc j`j WsEf`W_ a»1seW_m k ce_o j ^W_hW swf k se_f k cefq¢¬Ía kzj q6qeWcedf gEo=W _qeW_e^WXHasEfh~EceW_k o
^W j afh~ k seseWW_
o k c jpeV «Va~se_h~KEceWqeW_o jhk o j ~m^Wfe^W_q¢¬h^WEce~  aWser W@W f"qeWr k sE¤=cxWserWqeWrW _@_e^WX{aQsEfh~EceW_b "k ce_
XZcxse~_h_ k se_
Wse_`ce~fhW *zeV q¢¬ ces6rbaQq j WZ k z~EceWWdEfhW j seW1acaseEazWp "k ce_q ^W©=se~_`_ k sx_o k c j r Wa1cxseWX%^Wf Txk qxWqeW
o j Wc  W £k seq
^WW_hc j  ¬ cefh~~_¶af`~ k sq¢¬ ~s  a j ~ðaQsEfh_b "k cx_®~se_`~_`f k se__hc j cesxW"ra_`_hWo=a j fh~rcx~ UW j W
q¢¬ ~s  a j ~asEf`_b«W_§~s  a j ~asEf`_
rmas k se~wcxW_b "k ce_¢X k sEf j`k se_=saWX1W swfKEceWrW§rbaq j W
oW j XWf¢qeW§o j`k c  W j qeW_o jhk o j ~m^Wfe^W_o=a j fh~WW_b«QqeW_^WEce~  aWser W_
qxW@o jhk  j aQX1X1W _Wf
_hc j f k cef"qxW_
o jhk o j ~m^Wfe^W_s k sWdEo j ~XHaeW_§Ws *zeV 
å·©´²­ ij`k  j aXX{af`~ k s{oa j aQ UW Wp«@^WEc=af`~ k se_ j ^Wrc j`j WsEf`W_b«§_ho
^Wr~°=rbaQfh~ k sWf  a~q=aQfh~ k s6qxWZo jhk  j aQX1XW_b«_e^W ¯
XHasEfh~EceW
qeW _"aseEapW_®qxW@o jhk  j aQX1X{aQfh~ k s¢«aQsewaQzW_§q=af©am¯ o=a j a UWW_b«EX%^Wf Txk qxW"qeWo j Wc  Wz«e~s  a j ~asEfh_m
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T W peV o jhk  j aQX1X1~se ðaQsezcazW T aQ_¢WWsqeW_`~pseWqEg2ce~sEf k saseq T ~_K j`k ceo43Íy%5=a_a
=aQ_h~_¢f k qeW _h~zs¢«mr k XZe~seWz«k oefh~X~76 W aQseq1W  WsEfhc=aQgZr k X1ox~W
_`gw_`f k ~ra kpj ~f T X_b98"s *zeV o j`k  j aX~_
a_hW f k a»1seW j Wrc j`j WsxrWZWEc=af`~ k se_: 8@\<;= k sZXZcefh~qe~XZWse_`~ k s=aQzo k g T Wq j ~r~swf`WzW j q k XHa~se_b peV ~_ a*_hf j ~rfm«E_hf j`k sepgZf gwoWq  ceserf`~ k s=aQ=asxzc=aQzWz«j W_hf j ~rf`Wq¦f k a  W j g_h~X1oxW £kzj X k XZcefhca j Wrc j _h~ k s¢«=aQseqH~f T a_
o j`k WqHf k Was  ac=aQeW
f kEk V~sHf T ~_§Wq¢> _hc=aQ=XHase~oeceaQfh~ k se_ k sZ_hgE_hf k ~r"a kpj ~f T X1_¢rmasZW"_hW Ws{aQ_fhWdEf`c=aV_`gwsEf©arf`~r j W j ~f`~sxz_ k sf T WfhWdEf k¢peV
o jhk  j aQX1_b i a j aW~6baf`~ k s@aQX k cxswf`_Vf kj W~seqeW dw~sef T W§WEc=aQfh~ k se_Kf Tej`k ce T a
r T aQsezW k =aQ_h~_b@?oefh~X~76mafh~ k s@aX k cesEf`_
f k aqeqK«®qxWWfhW¦aQseq­r k XZx~sxW1WEc=aQfh~ k se_1aQseq  a j ~ðaQeW_1ar r kzj qe~se¥f k asEceXZW jk WEce~  aWser W©¯Mo j W_`W jh ~se j ceW_bA ~s=aQgE«r k Xoe~~sx¦as *zxV o jhk  j aQX.aQX k cesEfh_Zf k W  WsEfhcag j W  j ~fhW~fZ~sEf k _hcer T a_h~X1oeW £kzj X f T afWbar T
W wcafh~ k sr kpjhj W_ho k seqx_"f k _ k XW®W W X1WsEf¶a j g k z~rba k oW j aQf kzj «EWbar T ~seqeW dw~se*f k _ k X1W T a j qe
a j W"r k seseWrf`~ k s¢«Easeq k seWkQ f T Wr k Xo k seWsEf k f T WceseqxW j gE~seZ=a_`~_
f k f T W T a j qx a j Wr k r ¡ 
nHcxr T  kzjh¡T a_f T W j W £kzj WWWs¥qeW zk f`Wq6f k _hf`ceqegE~se1_`cer T f j aQse_ £kpj XHafh~ k se_b«aseq6qxW_h~zsx~sxZf kEk _"f k aQ_h_h~_`f@f T W
cx_hW j ~saoxoegw~se
f T WX9B®Wfm«f T W§o j`k eWX kQ ae_`f j arf`g C( 
.( o jhk o=W j fh~W_ kQ *zeV o jhk  j aQX1_ T aQ_=WW s_ k X1W  T afk W j  kEkz¡ Wq¢«Vasxq k seWrmas;=seqX{asEgEDho j`kwkQ _"Eg T aseqe
a  ~se(FZ~sf T W~f`W j aQfhc j Wz S
T WZ_h~fhc=aQfh~ k s;~_ j WX1~se~_hr WsEf k
f T W k seW1o j W  aQ~~se6~s¥f T W6y(Ge¬ _aQseqIHGe¬ _~s¥f T W1Wq k o jhk  j aQX  W j ~°=rmafh~ k s¢ S  k aQfhW j s=af`~  W1qe~ j Wrfh~ k se_Z®W j W
r k X1oWf`~sxf k o j`k W_hW wcxWsEfh~aKo jhk  j aQX1_§r kzj`j Wr fb
JLK¢m²wK ` \0W©=seWf T Wo j`k  j aXcxo{f k WEce~  aWser Wz«e_ k f T aQf®f T W~sEfhWseqxWqHo jhk o=W j f gH~_
W  WsEfhcagZX{aqxW"WdEoe~r~fb
MONVb²EK ` ;Ece~o1f T W@o jhk  j aQX
~f T _ k XW ¡ ~seq k  k z~rbaQ=a_`_hW j fh~ k se_m«e_ k f T af
f T W"o j`kEkkQ r kpjhj WrfhsxW_h_ k ~_®q k 
s
f k r T Wr ¡ ~seZf T W ~ j ae_`f j arf
XZcef`c=ar k se_h~_hf`WsergE
Axkzji a_`rba°¯ ~ ¡ W®~Xo=W j af`~  W®o jhk  j aQX1_b«Qf T W
=aQaserW~_r Wma j g~s  a zkpjkQ f T W"W dwf`W j sa¢aoxo jhk ar T : A  k gEq¢¬ _3aQ_h_`W j f`~ k se_b«Pk a j Wz¬ _" k z~rz«$Q j ~W _ ¯?"
~r ¡ ~X1Wf Tek q¢«eWf`rzR= k1k f T W j afhW j s=aQfh~  WXHamgZqeW  W k o¢«Va_f T W*f j aQse_ ¨kzj XHaf`~ k s=arbaQr cece_kQ _hcer T ~X1oW j aQfh~  W
o jhk  j aQX1_~_§_ k o kEkzj @S s1r k sEf j aQ_hfm«eX kpj W"aQe_hf j ar f £j aQX1W kzj`¡ _ _hcer T a_ > se~f g kpj ¹
¹UT o j W_`WsEf@a
aaser W@ox~r fhc j W(Vf T Wf  k aoeo jhk aQr T W_"r k ¯ WdE~_`f"aseq £j ce~f  cxg~swf`W j aQrfbS
T W *zxV aQsezc=aQzW=W seW©=f`_ £j`k X a j ~r T asxq¦X kzj W k W j _hW X1~°¯ÁaQcef k X{aQfh~W6maeWf j ase_ £kzj X{af`~ k s=aQ¢rbaQr cece_b«V_ k
f T af f T W
~sEfhW j s=aVaoxo jhk ar TZT a_ =WW s{aX k _hfKWdErce_h~  WgqeW  W k oWq¢XB®Wfm«Ef T W
W dwf`W j saVaoeo j`k aQr T ~_~s ¨kzj XHag"ce_`Wq
~s_hW  W j aQ®oaoW j __hcer T aQ_Y3Í05® T W j W{as *zeV o jhk  j aQX ~_o jhk Wq¥f k WZWEce~  aWsEff k ~fh_r k _hWq £kpj X« aQseqZ3 5
 T W j W¦a; k p~rma§~sxqecerf`~ k s a j zcxX1WsEf~_ce_`Wq%f k o j`k W6a j W©seWX1W swfZ_`fhWoK S
T WH k aQ k f T ~_Zo=aQo=W j ~_Zo j Wr~_hW g
f k _hWfceo¥asWdEfhW j s=a £j aXW kpjh¡ ~s¦ T ~r T f T W _hW[D T asxqe a  ~seF1X{aQse~oeceaf`~ k se_
rbas¥WZWdEo j W_h_`Wq%aseq l cx_hfh~°=W q¢
n kzj W k W j «=§W_ Tek  f T aff T ~_ £j aQX1W kzj`¡ rbaQs6z~  Warr k cesEf k aZsEceXZW jk X1Wf Tek qe_"f k o j`k Wf T WWEce~  aWsxrW k*zxV o jhk  j aQX1_m«waQseq k oWsHseWåqe~ j Wrf`~ k sH~s{f T W_hWba j r TH£kpj ce_hW  ce¢~sEfhW j s=aQVfhWdEfhca¢f j aQse_ £kpj XHafh~ k se_bS
T Wo=aQo=W j ~_ kpj Ease~6Wqa_ ¨k  k 
_b  W j _hfqe~_`rce_h_X kzj Wo j Wr~_hW gf T Ws k fh~ k s kQ aZo j`kEk ~s6_hcer T aZr k sEfhWdEfb«
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